Summary.
Capsaicin was injected subcutaneously (50 mg/kg) into 10 mice on days 2 or 3 after birth, and 12 h, 3 and 5 days later the distribution and structure of degenerated primary afferent central axons or terminals (C-terminals) in the lumbar spinal dorsal horn were examined by electron microscopy. Degenerated terminal axons with dense or lamellar bodies or higher electron density were conspicuous 12h after treatment with capsaicin.
Severely degenerated unmyelinated axons, including dense or lamellar bodies engulfed by microglial cells, were numerous in the most superficial (marginal) layer, but rarely seen in the substantia gelatinosa. Two types of primary afferent central terminals in the substantia gelatinosa showed various extents of degeneration:
small dark C-terminals (CI-terminals) with densely packed agranular synaptic vesicles, and large light ones (Cu-terminals) with less dense agranular synaptic vesicles and a few granular synaptic vesicles. Thus, many central axon terminals of dorsal root ganglion (DRG) neurons that are sensitive to capsaicin enter the marginal layer and substantia gelatinosa. Degenerated primary afferent central axons or terminals markedly decreased in the superficial dorsal horn 3 and 5 days after capsaicin treatment, still, there were many degenerating DRG neurons at this time as shown by our previous study. Previously we also reported that fewer slightly degenerating unmyelinated dorsal root axons and small DRG neurons appear at 12h and larger DRG neurons degenerate later than smaller ones after treatment with capsaicin. As a result, the discovery of many severely degenerated terminal axons in the superficial dorsal horn soon after treatment supports the idea that capsaicin first acts on the central terminals and that this is followed by damage to larger DRG neurons.
Two types of primary afferent central terminals (C-terminals) have been distinguished in the dorsal horn of the rat: CI-terminals, which have a small electron-dense axoplasm with closely packed clear synaptic vesicles, and CII-terminals, which have large electron-lucent axoplasm with evenly distributed clear synaptic vesicles and many cored vesicles and mitochondria (RIBEIRO-DA-SILVA and COIMBRA, 1982) . Moreover, RIBEIRO-DA-SILVA and COIMBRA (1984) showed that capsaicin selectively damages CI-terminals in the substantia gelatinosa of rats. Capsaicin specifically destroys unmyelinated fibers of the dorsal root and small type neurons of the dorsal root ganglion (DRG; FITZGERALD, 1983; LAWSON, 1987; HIURA and SAKAMOTO, 1987b) . Therefore, these CI-terminals are considered to be central processes of small type neurons of the DRG. However, neither the effect of capsaicin on C-terminals nor the ultrastructure of these terminals in the dorsal horn of mice has so far been studied. We have reported that capsaicin reduces the number of some myelinated fibers (6.1-11.6% reduction) and large type A-neurons, though less than those of unmyelinated fibers and small B-type neurons (HIURA and SAKAMOTO, 1987b) . We therefore thought that capsaicin might affect another type of central terminals besides CI-terminals. This work primarily examines whether it causes the degeneration of any other type of C-terminals in the substantia gelatinosa of newborn mice. We also examined the progress of degeneration with time after capsaicin treatment of primary afferent central axons or terminals in the superficial dorsal horn. 
MATERIALS AND METHODS
Ten mice were treated subcutaneously with capsaicin (Sigma) at a dose of 50mg/kg on days 2 or 3 after birth. Six control mice were treated with a vehicle (10% ethanol and 10% Tween 80 in saline) by the same route. Twelve hours, 2 or 3 days later, the animals were anesthetized with ether and perfused transcardially first with saline and then with a mixture of 1.2% paraformaldehyde and 2.5% glutaraldehyde or 2.5% paraformaldehyde and 4-5% glutaraldehyde in 0.1M phosphate buffer at pH 7.4. The lumbar spinal cord was then excised in the same fixative. In some cases, the step of perfusion with fixative was omitted. The spinal cord was cut into several segments, which were sectioned mid-sagittally.
Tissue blocks were immersed in a fresh fixative of the same composition for 2 h at 4C, washed in buffer and postfixed in 1-2% OsO, for 2h. After routine procedures, the tissues were embedded in Epon. Ultrathin transverse or logitudinal sections were doubly stained with uranyl acetate and lead nitrate and examined in a Hitachi H-500 electron microscope.
RESULTS
The boundary between the dorsal horn and dorsal funiculus is indistinct in early postnatal mice: the superficial dorsal horn is not covered with a clear dorsal funiculus. The substantia gelatinosa is easily distinguishable because it contains many round neuronal somata (Fig. 1 ). There are numerous unmyelinated axons in the marginal dorsal horn, but no myelinated fibers are seen in the early postnatal period (Fig. 2) . Two types of synaptic glomeruli having centrally located C-terminals were observed in the substantia gelatinosa of the control mice: One type had either a small fusiform, slender or sinuous, or a scalloped, electron dense or lucent central terminal with densely packed agranular synaptic vesicles (40-100nm diameter) (Fig. 3a, b, d) , and the other type had either a large angular, or a rectangular, electron lucent central axon terminal with less densely packed agranular synaptic vesicles (40-60nm diameter) (Fig. 3c, d ). In addition to the typical electron dense CI-terminals, many electron lucent CI-terminals were seen at the early period of life. A few profiles surrounding CII-terminals including synaptic vesicles were identified as axonal terminals of other type neurons because of smaller contours than C-terminals.
Twelve hours after treatment with capsaicin, degenerated terminal axons showed characteristic features, such as inclusions of dense vesicular material, dense or lamellar bodies, the disappearance of synaptic vesicles and a homogeneous electron dense appearance due to the degeneration of axonal organellae.
Degenerated terminal axons including dense or lamellar bodies were conspicuous in the most superficial dorsal horn (marginal layer), which later developed into lamina I (Figs. 4, 5 ). As seen in Figure 6 , numerous dark sinuous or scalloped (a-c) and large angular (d-f) C-terminals all degenerated in the substantia gelatinosa. Individual C-terminals showed various extents of degeneration: some Cterminals appeared intact while others were severely degenerated with degraded axoplasmic organellae or high density axoplasm. Since CII-terminals occasionally had only a few mitochondria and dense cored vesicles at the early postnatal age, we mainly identified degenerated CII-terminals as distorted large angular or rectangular terminals with dense bodies and higher density axoplasm. The numbers of degenerated central axons or terminals markedly decreased at 3 and 5 days after treatment (Figs. 7, 8) .
In layer I, degenerated terminals including dense or lamellar bodies were largely engulfed by microglial processes (Fig. 4) . On the other hand, degenerated C-terminals with an electron dense appearance in layer II were not entirely engulfed by their processes (Fig. 6) , but the appearance of many microglia was characteristic.
A few degenerated axon terminals were seen in the superficial layer of the dorsal horn of control mice (Fig. 2) . et al., 1977; PALERMO et al., 1981; RIBEIRO-DA-SILVA and COIMBRA, 1984) . In this work, the appearance of many large vesicles, the depletion of synaptic vesicles, and a conspicuous darkening of C-terminals were also observed in degenerating terminals. These changes -induced by capsaicin -were very similar to those observed during transganglionic degeneration after peripheral nerve sectioning (COIMBRA et al., 1974; GOBEL, 1974; KNYIHAR and CSILLIK, 1976; RAL-STON and RALSTON, 1979; RIBEIRO-DA-SILVA and COIMBRA, 1981; KNYIHAR-CSILLIK et al., 1982 , 1987 , except that in the latter condition whorl-like bodies (KNYIHAR and CSILLIK, 1976) and an increase in neurofilaments (RALSTON and RALSTON, 1979; RIBEIRO-DA-SILVA and COIMBRA, 1981; KNYIHAR-CSILLIK et al., 1982) were observed. Another difference in degeneration after capsaicin treatment from that after peripheral nerve transectioning is that capsaicin induces a more rapid degeneration of C-terminals (JANCSO et al., 1977; JANCSO, 1978) than during transganglionic degeneration after peripheral nerve transectioning.
In the substantia gelatinosa of mice, there are many synaptic glomeruli which are composed of C-terminals surrounded by several dendrites and a few axonal endings making contact with them, as reported by many others (COIMBRA et al., 1974; GOBEL, 1974; GooDE, 1976; RALSTON, 1979; RALSTON and RALSTON, 1979; KNYIHAR-CSILLIK and CSILLIK, 1981; KNYIHAR-CSILLIK et al., 1982; RIBEIRO-DA-SILVA and COIMBRA, 1982) . On days 0-4 after birth, the two types of synaptic glomeruli are already distinguishable in the substantia gelatinosa (PIGNATELLI et al., 1987 (PIGNATELLI et al., , 1989 ; the present observation):
type I has a small fusiform, slender or sinuous, or a scalloped, centrally located, electron dense or lucent C-terminal with tightly packed agranular synaptic vesicles, and type II has a large light, angular or rectangular C-terminal with less densely packed synaptic vesicles. Judging from our observations, the C-terminals of type I in adults (unpublished personal observation) seem to correspond to the CI, and the dense sinusoid axon terminals (DSA) reported by RIBEIRO-DA-SILVA and COIMBRA (1982) and KNYIHAR-CSILLIK et al. (1982) , respectively, while those of type II correspond to the CII and regular synaptic vesicle terminals (RSV) that these authors described. PALERMO et al. (1981) reported that treatment of adult rats with capsaicin selectively damages C-terminals in the superficial dorsal horn. Furthermore, RIBEIRO-DA-SILVA and COIMBRA (1984) found that capsaicin causes selective degeneration of about 90% of the CI-terminals and very little degeneration of CIIterminals in rats. In the present study, CI-and CIIterminals were sometimes difficult to distinguish, but both types showed degeneration.
Thus, capsaicin clearly affects not only CI-, but also CII-terminals. Our finding that many CII-terminals are also injured by capsaicin is not consistent with the reports by RIBEIRO-DA-SILVA and COIMBRA (1984) . This discrepancy may be mainly due to differences in the observation time after capsaicin treatment:
we examined changes soon after capsaicin treatment, whereas they examined later changes. Probably CII-terminals degenerate soon after treatment and then later regenerate (Fig. 9) . Accordingly, no decrease in CIIterminals was observed in adults treated neonatally with capsaicin (RIBEIRO-DA-SILVA and COIMBRA, 1984). Our previous finding that, upon treatment with capsaicin in cultures, neurites (implying both central and peripheral processes) of large DRG neurons first degenerate, but later regenerate, (HIURA and SAKA-MOTO, 1987a) provides support for this possibility. Large light CII-terminals are considered to be myelinated central processes of larger neurons of the DRG (RIBEIRO-DA-SILVA and COIMBRA, 1982) . Recently, we found that capsaicin treatment results in the degeneration of some larger neurons as well as smaller ones (HIURA and SAKAMOTO, 1987b; HIURA and ISHIZUKA, 1989) . From these findings, the CII-terminals seem to be processes of large DRG neurons.
As degenerated axons were clearly seen in the most superficial layer of the spinal cord after treatment with capsaicin, we considered this area to be the marginal layer (lamina I). This indicates that many smaller, capsaicin-sensitive central processes of DRG neurons enter the marginal layer. Twelve hours after capsaicin injection, many severely degenerated terminals were seen in the superficial dorsal horn, but only a few in DRG neurons (HIURA and ISHIZUKA, 1989) . Contrarily, 3 and 5 days after capsaicin injection, many severely degenerated neurons were seen in the DRG but few degenerated primary afferent central axons or terminals were seen in the superficial dorsal horn. This time lag between the degeneration in the superficial dorsal horn and DRG supports our previous suggestion that capsaicin acts first on the central terminals of larger DRG neurons and then retrogradely injures their DRG neurons (HIURA and ISHIZUKA, 1989) . Direct demonstration of the first action site of capsaicin in primary sensory neurons is necessary to confirm this idea. We further speculated that capsaicin also acts first on the peripheral terminals as well as on the central terminals of the DRG neurons.
The few degenerated terminal axons engulfed by microglia seen in the superficial dorsal horn of control animals suggests that programmed neuronal cell death may occur in the early postnatal period.
